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ABSTRACT: Diabetes is a chronic condition which is locally managed through the stem of Ficus foveolata. To find the exact
chemical constituent responsible for this activity, a triterpene lactone (ficusonolide) isolated from F. foveolata was studied for
antidiabetic potential through the in vitro antidiabetic paradigm employing L-6 cells and an in vivo antidiabetic assay against non-
insulin-dependent rats. The results on glucose uptake in the L-6 cell line indicated that ficusonolide has enhanced the uptake of
glucose by 53.27% over control at a dose of 100 μg/mL, while at doses of 50 and 25 μg/mL, the glucose uptake was enhanced by
22.42 and 14.34%, respectively. The extract of F. foveolata (100 mg/kg) and ficusonolide (50 mg/kg) demonstrated a significant (p <
0.001) decline in streptozotocin-induced hyperglycemia of diabetic rats. Ficusonolide displayed conspicuous inhibitory activity
against the molecular docking studies with proteins such as dipeptidyl peptidase-IV (DPP-IV), protein tyrosine phosphatase 1B
(PTP-1B), α-glucosidase, and α-amylase subjected to molecular targets. Detailed computational and structural insights affirmed
promising interactions between target proteins and ficusonolide. In conclusion, the plant and its isolated compound have significant
antidiabetic activity with a possible mechanism of interaction with DPP-IV, PTP-1B, α-glucosidase, and α-amylase.

1. INTRODUCTION
Diabetes mellitus (DM) refers to a heterogeneous metabolic
disorder that results due to the insufficient secretion of insulin,
lack of insulin action, or both and consequently results in high
levels of blood glucose with disruption of carbohydrates, lipids,
and protein metabolism. There has been a global concern
regarding the increase in the occurrence of type 2 DM
(T2DM), which is a chronic disorder affecting metabolism,
resulting from the inability of body to use insulin properly.
According to a research in 2010, 285 million people were
estimated to have DM. The chances of this data are expected
to become twice in the coming 20 years.1 One of the main
categories of T2DM is insulin-resistant T2DM, in which body
tissues fail to respond to insulin to counterbalance the insulin
contention.2 Insulin-resistant T2DM is of key concern owing
to the fact that it has been linked to complexities such as

cardiovascular abnormalities.3 Though the preliminary treat-
ment for insulin-resistant T2DM comprises an appropriate diet
along with proper exercises, patients suffering from DM who
cannot be treated with the above-mentioned only are
prescribed with medicines such as thiazolidine derivatives,
gliptins, sulfonylureas, and biguanides.4,5 However, the
application of such drugs is delimited due to side effects and
non-responders. Therefore, there is an urge to develop more
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effective ways to cure T2DM. One of such methods is the
treatment of T2DM by inhibiting protein-tyrosine phosphatase
1B.
PTP1B is a notable integral membrane enzyme and an

essential factor in insulin-resistant diabetes (T2DM). It
regulates the insulin-signaling pathway negatively by hydro-
lyzing the phosphor tyrosine on the insulin receptor, which
inactivates the receptor. Oversecretion of PTB1B provides the
way to cause T2DM.6,7 This enzyme (PTB1B) has been a
potential target for drugs meant to treat T2DM and obesity.
Moreover, leptin and insulin activities have been advocated to
be raised by these inhibitors and work as effective therapeutics
for T2DM. In vivo PTP1B inhibition causes increase in both
insulin and leptin levels, which results in normalization of
glucose in blood.8 Furthermore, protein-tyrosine inhibitory
activities have been explored broadly.9 Due to their novel
mode of action, these inhibitory substances have gained
appreciable attention for their curative properties and are
under consideration to develop new pharmaceuticals. Although
some of these are in the process of clinical trial, till date none
of them are available for clinical applications. Therefore, the
treatment of T2DM can be achieved by inhibiting PTP1B, and
it can prove to be a milestone in discovering drugs.6,10 This has
lead researchers all around the globe to discover novel PTP1B
inhibitors from natural products as well as synthetic pathways.
The family Moraceae (mulberry) consists of about 40

genera, the Ficus genus (fig genus) is one of them. It comprises
about 800 species which inhabit the wetlands of the tropical
region.11 Although Ficus species are employed in Ayurveda as
well as Traditional Chinese Medicine (TCM), their medicinal
uses started from the Middle East.12 Various parts of the
species including root, leaf, stem, fruit, and pigments are
known to possess antidiabetic, anticancer, and anti-inflamma-
tory properties.13 Many bioactive compounds have been
isolated. The bioassay-guided phytochemical studies of these
plants have resulted in the isolation of secondary metabolites
of medicinal importance such as phenanthroindolizidine
alkaloids, flavonoids, coumarins, triterpenoids, different
triacylglycerols, and various volatile organic compounds.13−17

Ficus foveolata is an evergreen wild climber shrub found at high
altitude in the northern parts of Pakistan. The plant was
collected from the district of Buner of Pakistan where it is
known as “baatanzar” in local terms. Various parts including
leaves, stem, roots, fruits, and latex are being used as
antidiabetic drugs in folk medicine in the area of collection;
however, the literature survey revealed little previous
phytochemical investigations.18 Regardless of the useful
capabilities of F. foveolata, no proper work has been done to
develop antidiabetic drugs using compounds isolated from the
said plant via molecular docking simulation. Bioassay-guided
studies on the crude extract of F. foveolata stem led to the
isolation of a new cytotoxic compound, ficusonolide (Figure
1);18 herein, we report the in vitro, in vivo antidiabetic potential
and in silico PTP1B inhibitory activity of ficusonolide, isolated
from Ficus foveolata (family Moraceae). Due to the lack of
phytochemical studies on the interaction of PTP1B and
ficusonolide, we have proposed an advance way to establish
ficusonolide as a potential antidiabetic contender via its
molecular docking foresights.

2. RESULTS
2.1. In Vitro Studies. The results of the in vitro glucose

uptake assay in the L-6 cell line are presented in Table 1 and

Figure 2. The results indicate that ficusonolide has enhanced
the uptake of glucose by 53.27% over control at a dose of 100
μg/mL, while at doses of 50 and 25 μg/mL, the glucose uptake
was enhanced by 22.42 and 14.34%, respectively. The glucose
uptake was also compared to the standard injectable
antidiabetic drug insulin and the oral antidiabetic standard
drug metformin. Insulin enhanced the glucose uptake by
146.71% (at 1 IU/mL) and metformin elevated it by 76.24%
(at 100 μg/mL) over the control.

2.2. In Vivo Studies. The administration of an extract of F.
foveolata (100 mg/kg) and ficusonolide (50 mg/kg)
demonstrated a significant (p < 0.001) decline in the
hyperglycemia of diabetic rats during an acute time period of
7 h as compared to the control group, confirming the
antidiabetic potential of the compound as well as the plant
extract (Table 2).

2.3. Multitarget Molecular Docking Investigation. We
have performed docking simulations in the active sites of DPP-
IV, protein tyrosine PTP-1B, α-amylase, and homology-
modeled α-glucosidase. For docking simulations, the MOE
2016 software package was used.
After the energy minimization of the selected proteins, we

defined the active sites and the active site residues by two
methods: (i) centroid of co-crystallized ligands of each and (ii)
identification of catalytic amino acids via dummy atoms using
the site finder tool implemented in MOE (in the case of α-
glucosidase). After the identification of the binding site, a
comprehensive docking protocol validation was carried out by
using the re-dock method. Native co-crystallized of the ligands
in their respective processed enzymes, and the resulting root
mean-square deviation (rmsd) was computed.
The structures of all the native co-crystallized ligands were

extracted and redocked into the active sites of their respective

Figure 1. Chemical structure of ficusonolide.

Table 1. Effect of Ficusonolide on Glucose Uptake in the L-
6 Cell Line

treatment dose
% glucose uptake

compared to control

10% Tween 80 10 mL/kg
ficusonolide 100 μg/mL 53.27 ± 0.42

50 μg/mL 22.42 ± 0.37
25 μg/mL 14.34 ± 0.53

insulin 1 IU/mL 146.71 ± 0.32
metformin 100 μg/mL 76.24 ± 0.42
insulin + metformin
(100 μg/ml)

1 IU/mL + 100 μg/mL 151.69 ± 0.42
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processed proteins, and the rmsd was calculated. Default
parameters (triangle matcher at the placement stage) and
London dG (as the scoring function) were used. The final
score was calculated with GBVI/WAS dG. Binding orientation
(interactions with active site residues)/rmsd and binding
energy of the redocked ligands and experimental ligands were
compared. Further, we tried for other parameters (methods
and scoring functions) at the placement and refinement stage
to achieve the reasonable performance (rmsd < 2.0 Å). The
reasonable parameters for initiating docking of ficusonolide are
presented in Table 3.
The three-dimensional (3-D) structure of enzyme DPP-IV

in complex with cyanopyrrolidine inhibitor-24b was retrieved
from the Protein Data Bank (PDB ID = 2G63, Table 3). The
3-D interaction plot of the isolated compound showed three
hydrogen bond interactions. Arg358 forms a bifurcated

hydrogen bond interaction with carbonyl oxygen of the

compound. Another hydrogen bond interaction was observed

between the hydroxyl group and Glu205. Tyr666 forms the π-

alkyl type of hydrophobic interactions (Figure 3a).

Figure 2. Effect of ficusonolide on glucose uptake in the L-6 cell line.

Table 2. Percent Variation of Blood Glucose Level in Streptozotocin−Nicotinamide-Induced Hyperglycemic Rats with F.
foveolata Extract and Ficusonolide

% variation of glucose level ± SEM (mg/dL)

sample dose (mg/kg) 0 h 1st h 3rd h 5th h 7th h

vehicle (control) 10 mL/kg 0 9.10 ± 11.02 −1.69 ± 5.09 −0.51 ± 5.11 −5.65 ± 6.08
glibenclamide 5 0 −20.50 ± 8.17a −36.34 ± 7.55a −37.48 ± 7.16a −43.65 ± 10.0a

plant extract 100 0 −20.40 ± 6.17a −17.49 ± 3.09a −26.38 ± 9.78a −27.99 ± 6.70a

ficusonolide 50 0 −26.92 ± 5.7a −14.1 ± 6.78a −23.2 ± 9.9a −21.92 ± 8.9a

aP < 0.001.

Table 3. Feasible Docking Parameters

placement refinement

enzyme PDB ID method scoring method scoring rmsd (Å)

DPP-IV 2G63 triangle matcher London dG rigid receptor GBVI/WAS dG 1.2
PTP-1B 1NNY triangle matcher ASE rigid receptor GBVI/WAS dG 0.89
α-Amylase 1OSE triangle matcher Affinity dG rigid receptor GBVI/WAS dG 1.4
α-Glucosidase homology triangle matcher London dG rigid receptor GBVI/WAS dG

Figure 3. Close-up depiction of the lowest energy 3-D docking
interaction plot of ficusonolide in the active site of (a) DPP-IV and
(b) PTP-1B.
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The 3-D structure of enzyme PTP-1B in complex with the
catalytic inhibitor was retrieved from the Protein Data Bank
(PDB ID = 1NNY). The 3-D interaction plot of the isolated
compound showed two hydrogen bond interactions. The
hydroxy group forms hydrogen bond interactions with Gly183,
while the carbonyl oxygen forms hydrogen bond interactions
with Gln262. Tyr46 forms π-alkyl type of hydrophobic
interactions (Figure 3b). The computed binding energy for
the isolated compound is −6.0220 kcal/mol.
Figure 4a,b illustrates the binding orientation plot of the

isolated compound ficusonolide in the active site of α-amylase

and α-glucosidase, respectively. In the active site of α-amylase,
the isolated compound forms hydrogen bond interactions with
Asp300. Moreover, the indole rings of Trp59 form π-σ and π-
alkyl type of hydrophobic interactions (Figure 4a). The 3-D
crystal structure of Baker’s yeast (Saccharomyces cerevisiae) has
not yet been reported. The phytoconstituents identified in this
study were further docked in the active site of homology-
modeled α-glucosidase from Baker’s yeast. The 3-D interaction
plot showed two hydrogen bond interactions with His279 and
Asp408 (Figure 4b). The computed binding energy value is
−6.2678 kcal/mol. The interaction plots of the standard drug
(acarbose) in the active site of α-amylase and α-glucosidase are
presented in the Supporting Information as Figures S1 and S2.

3. DISCUSSION
Traditionally, natural products are used for the treatment of
various ailments. These natural products contain thousands of
chemical constituents with multiple biological potentials and
an agonist−antagonist relationship. These multiple constitu-
ents might be responsible to create various adverse effects. In
addition to these facts, the need of new, safe, and effective drug
candidates is also essential for various disorders. Therefore, the
isolation and testing of these chemical constituents is the need
of the day for targeted therapy as well as for the searching of
new therapeutic agents.
In the current study, F. foveolata methanolic extract (stem)

and ficusonolide were subjected for the antidiabetic potential
using in vitro and in vivo experimental methods. The stem of F.
foveolata is traditionally used as an antidiabetic drug. In the
case of an in vitro study, the L-6 cell line was used, which
induces the expression of an endogenous GLUT-4 transporter
for the update of glucose. The induction of these transporters
reduces the hyperglycemic condition. The tested compound
induced the glucose uptake by 53% in our in vitro experiment.
The methanolic extract and ficusonolide also demonstrated a
significant effect in streptozotocin−nicotinamide-induced
hyperglycemic rats. The STZ damages the beta cells of the
pancreas and produces hypoinsulinemia; this insulin-deficient
condition results in hyperglycemia. The significant antihyper-
glycemic effect indicting that the tested samples involve in the

repairing of beta cells of pancreas thus restoring the normal
insulin level, which is, diminish the hyperglycemic condition.
In order to explore the mechanism of the antidiabetic

mechanism of the compound under study, we used a
multitarget strategy and docked it into the binding sites of
four molecular targets, namely, DPP-IV, protein tyrosine PTP-
1B, α-amylase, and homology-modeled α-glucosidase. The
current therapeutics to treat multifactorial diseases such as
Alzheimer’s disease, diabetes, and cancer demonstrate the need
for multitarget designed ligands (MTDLs) that can target
multiple enzymes associated with these disorders. A number of
studies presented the identification of MTDLs by using in
silico to treat these multifactorial diseases. Apart from the
designed ligands, recent studies have shown that natural
products can also be used for this strategy. Recently, Herrera-
Calderon et al. reported in silico studies to identify carvacrol as
a multipotent compound for the treatment of breast cancer.
Diabetes is also considered as a multifactorial disease.

Hence, for the current study, we selected four molecular
targets to explore the mechanism of the antidiabetic action of
ficusonolide. A number of investigations have suggested that
dipeptidyl peptidase-IV (DPP-IV), protein tyrosine phospha-
tase 1B (PTP-1B), α-amylase, and α-glucosidase can be
targeted for type-II DM (DM-II) treatment. DPP-IV enzymes
are present on the surface of most of the cell types. Inhibition
of DPP-IV enzymes is considered as a new strategy for the
design of new therapeutics.19 α-Glucosidase and α-amylase are
the major enzymes which are involved in the digestion of
carbohydrates. Competitive inhibitors of these enzymes
effectively delay and slow down the absorption of glucose
and control the increase of blood sugar level. In a research, it
has been concluded that inhibition of tyrosine phosphatase 1B
(PTP1B) can serve as a novel target in the control of obesity
and type 2 DM.20

In this study, ficusonolide was tested for the interaction with
DPP-IV, PTP1B, α-glucosidase, and α-amylase. DPP-IV is also
known as an adenosine deaminase complexing protein -II and
plays a significant biological role in glucose metabolism. The
DPP-IV antagonists actually block the action of this enzyme,
which degrades the incretin hormone. The incretin hormone
regulates the production of insulin and plays a significant role
in the treatment or management of DM.21 Our tested
compound significantly blocked this protein, which indicates
the antidiabetic potential of this chemical constituent. A
significant computational interaction was also found between
ficusonolide and PTP1B. The PTP1B inhibitors are a new
resent approach for the treatment of DM-II and obesity. These
proteins dephosphorylate the tyrosine residue of insulin
receptors and thus block the insulin receptor intracellular
signaling.22 For docking, we used our previously constructed
Baker’s yeast α-glucosidase model.23 There is another enzyme
(α-glucosidase) which is the key enzyme for the degradation of
starch into simple glucose molecules and promotes a
hyperglycemic condition.24 The inhibition of this enzyme is
also helpful for the attenuation of hyperglycemic symptom.
In the current study, ficusonolide demonstrated an

antagonistic reaction with α-glucosidase. The tested samples
also blocked α-amylase, which also plays a significant role in
glucose metabolism. The inhibition of this enzyme is also a
good adjuvant in the treatment or management of DM.
The interaction plots of ficusonolide in the binding sites of

all the studied targets revealed that it is one of the significant
compounds to inhibit these target proteins/enzymes, and

Figure 4. Close-up depiction of the lowest energy 3-D docking
interaction plot of ficusonolide in the active site of (a) α-amylase and
(b) α-glucosidase.
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therefore, it has the ability to modulate the multiple targets for
the treatment of diabetes. Further study has been planned to
investigate the in vitro inhibition potential against the targets.

4. MATERIALS AND METHODS

4.1. Plant Material. The stem of F. foveolata was obtained
from Buner district, KPK Pakistan, in July 2007. Taxonomist
Prof. Ambara Khan botanically identified it. Deposition of
voucher specimen (Bot.15077) was done in the herbarium of
the Department of Botany, University of Peshawar, Pakistan.
4.2. Chemicals and Reagents. Fetal bovine serum (FBS)

and Dulbecco’s modified Eagle’s medium (DMEM) were
obtained from Invitrogen USA and GIBCO USA, respectively.
Trypsin phosphate versene glucose (TPVG) solution,
metformin, glibenclamide, nicotinamide, streptozotocin, bo-
vine serum albumin (BSA), insulin, NaHPO3, NaHCO3,
MgCl2, CaCl2, KCl, and NaCl were bought from Sigma-
Aldrich Co. (CA, USA). The glucose kit was purchased from
Randox.
4.3. Extraction and Isolation. The shade-dried stem

(13.00 kg) of title plat was extracted with 80% MeOH/H2O
for 2 weeks. The extract obtained was concentrated with the
help of a rotary evaporator at low pressure in temperature,
which afforded the crude extract (101 g). The crude extracted
was partitioned to various polar and non-polar extracts.
Amount the entire fraction the DCM fraction was subjected
to HPLC, which afforded ficusonolide (99.97% pure). The
chemical structure of the isolated compounds has been
reported by our group.18

4.4. In Vitro Glucose Uptake Activity. 4.4.1. Preparation
of L6 Cell Culture. A layer of L-6 cells was placed in growth
media prepared from DMEM, 10% FBS, 100 μg/mL of
streptomycin, and100 IU/mL of penicillin at 36 °C provided
with sufficient O2 and 5% CO2 in an incubator. TPVG solution
was used to maintain the cells of the subconfluent layer in
continuous passage by trypsinization.
4.4.2. Glucose Uptake Activity. The L-6 cells cultured on a

six-well plate were placed in an incubator (5% CO2) at 36 °C
for a period of 48 h. The culture was revived with DMEM,
consisting of 0.2% BSA after the formation of a semiconfluent
monolayer and incubated again for 16 h at the same
conditions. The cells were washed with KRP buffer, and the
medium was discarded after 16 h. The cultured cells were then
treated with ficusonolide and metformin along with 1 M
glucose and further incubated for 30 min. The cells were
washed (3×) using 1 mL of ice-cold KRP buffer to terminate
glucose intake. For the estimation of glucose intake, the
supernatant was collected. Later, the cells were lysed by
repeated freezing and melting. Finally, glucose intake was
estimated from the collected lysate. The uptake of glucose was
estimated by the GOD-POD method.25

4.5. In Vivo Antidiabetic Activity. 4.5.1. Animals. The
research was carried out by using male Wistar rats having a
body weight of about 250 g. Standard conditions were
maintained in the laboratory with a 12/12 h day and night
duration. The rats were provided with proper diet and water.
Fasting rats were devoid of food only (not water) for a period
of 16 h. All animal procedures were conducted in accordance
with the Federal Regulations for Animal Experimentation and
Care and approved by the Institutional Animal Care and Use
Committee based on US National Institute for Health
publication (no. 85e23, revised 1985).

4.5.2. Induction of T2DM. Citrate buffer with pH 4.5 was
used to dissolve streptozotocin, while normal physiological
saline solution was used for the dissolution of nicotinamide.
Rats were fasted overnight, and a dose of 110 mg/kg
nicitinamide was given to them. After 15 min, they were
injected with 60 mg/kg of streptozotocin intra-peritoneally to
induce T2DM. After 72 h, the raised glucose level in the
plasma was determined by a commercial glucometer,
confirming hyperglycemia. Antidiabetic evaluation was carried
out with the rats whose blood glucose concentration was
higher than 250 mg/dL.26

4.5.3. In Vivo Antidiabetic Assay. The hypoglycemic
reference drug used was glibenclamide (5 mg/kg). The rats
were divided into six groups (n = 8). A suspension of
ficusonolide in 10% Tween 80 (50 mg/kg) and a suspension of
the F. foveolata methanolic extract (100 mg/kg) were given
orally to the rats. The rats of the control group were given 10%
Tween 80. Blood samples were collected from the caudal vein
at 0, 1, 3, 5, and 7 h after vehicle, sample, and drug
administration. The blood glucose concentration was meas-
ured using a commercial glucometer. The percentage variation
of blood glucose for each group was calculated in relation to
the initial (0 h) level according to

=
−

×
G G

G
% variation of glucose

( )
100x 0

0

where G0 is the initial glucose level and Gx is the glucose level
at +1, +3, +5, and +7 h, respectively. All values were expressed
as mean ± SEM.27

4.6. Molecular Docking Simulation. We performed
docking studies of ficusonolide on various diabetes-related
protein targets by using the Molecular Operating Environment
(MOE 2016) software package.28 The selected molecular
targets are DPP-IV, PTP-1B, α-glucosidase, and α-amylase.

4.6.1. Protein Preparation. The 3-D crystal structures of
PTP-1B, DPP-IV, and α-amylase were obtained from the
Protein Data Bank (PBD) with accession code numbers 2G63,
1NNY, and 1OSE, respectively, while docking studies on α-
glucosidase were performed by using our previously reported
homology-modeled protein.23,29,30 In the preparation of
ligands and enzymes, docking studies were performed
according to our previously reported methods.23,29−31

First of all, 3-D protonation of the downloaded enzyme was
carried out at pH = 7, temperature = 300 K, and salt
concentration 0.1 M. The MMFF94X force field was used for
energy minimization. The active sites of the enzymes were
determined (details in the Results section). The minimized
enzyme structures were saved as .moe extension file.

4.6.2. Ligand Preparation. Structures of the ligands were
drawn in the MOE window and were energy-minimized up to
a gradient of 0.0001 using the MMFF94X force field.

4.6.3. Docking Procedure. After the preparation of
enzymes, docking protocol validation was performed (details
in the Results section), and the isolated compound was docked
into the binding site of enzymes by using default parameters.
Finally, lowest energy ligand−enzyme complexes were
analyzed by using 2-D or 3-D interaction plots.

5. CONCLUSIONS
In the light of the above results, the triterpene lactone
ficusonolide isolated from F. foveolata clearly enhances the
uptake of glucose in in vitro conditions. It also possesses a
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significant in vivo antidiabetic potential against non-insulin-
dependent diabetic rat models. Additionally, it displays
promising potential as a PTP1B inhibitor. Thus, it can be
considered for developing better and new PTP1B inhibiting
agents and used as a curative agent for the treatment of DM
and associated complexities. The possible mode of action of
ficusonolide revealed the inhibition of various diabetes-related
protein targets such as DPP-IV, PTP-1B, α-glucosidase, and α-
amylase. Detailed computational and structural insights
affirmed promising interactions between target proteins and
ficusonolide. The current study provides a strong scientific
background to the folklore of F. foveolata stem as an
antidiabetic drug.
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